UPDATIAND RESHI MGRTUALLY DECMMODEIED

Benoit Lecallard?!, Christopher M. Tierney?, Trevor T. Robinson?, Cecil G. Armstrong?,
Declan C. Nolan?, Alexander E. Sansom?

Queends Univer sitytrébmdofi@osbtacukBel f ast , Uu. K.
2Rolls-Royce Plc, Alexander.Sansom@rolls-royce.com

ABSTRACT

Generating heahedralmeshes is often an expensive process, which limits the usghefidelity numerical simulation methods
for design Hexahedrameshesan begeneratedy decomposing geometricmodel into simpler meshable regiobsit robustly
propagating design modifications to the decomposed representation makes any attempt to update the mesh very thtiisenging
paper, a virtual topology workflow enabling automatic generation ofdeexinant meshes is extendedpropagatearametric
madifications and feature changeshe decomposition and resulting mesbometric and topological modifications are identified
and linked to the decomposition through virtual topology relationskipdified regions are localized and reasoning on thealirt
decomposition enables their definition and associated meshing stategypdatednstead of starting the meshing process from
the beginning, only modified cells aremeshedThis provides an efficient and automated method to propagate desiggesha
down to the analysis model.
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1. INTRODUCTION simple meshing strategy can be found are the most widely
used methods. These meshing strategies include mapping

The increasing use of finite element analyimughouta [5], submapping[6] and sweeping7], where a quad mesh
product lifecycle is limited by the ability to generate of a source fee is swept in order to generate 3D hex
appropriate simulation modefBhisis especially true fathe elements. Even f these tools fail to tackle generic
simulation of complex eventssuch as crash or large geometries, they can be integrated in an incremental
displacementanalyses where generating the hexahedral decomposition workflow to significantly alleviate the
(hex) elements preferred for this task is very «isensie workload of generating meshevirtual topologybased
work. Simulationbased design depends on the ability to ~ decompositioncoupled with cellular modelling for meshing
quickly generate analysis modér many design variations workflows, has shown promising results and flexibilifg]i
to run an optimization procedur@hisis incompatible with [10]. The benefits of using virtual topologv'T) for
themanual analysis set upquired inatypical hex meshing generating meshes without altering the CAD model
workflow. Analysis requirements are also prone to change ~ definition were firstpresented by Sheffer et gL1]. In the
especially within coupled muiphysics analyses where context of this worka cellular model is alecomposition of
analysis results from one domain dictate upditesnother. space into cells of analysis significantee interfaces in the
For exampleif a modelis deformedby wear or thermal modelare robudy capturedandare cells in theiown right
expansionandis used as an inputfesubsequent analysis [12]. This structure means thatthe links between the
these changes must be reflected in the downstream analysis decomposed virtual representations and the design model
model can be robustly maintaingd3]. In addition,as a model is

. _ decomposed for meshingthe cellular representation
Many tools have been developed during the last decades in maintains connectian between the subset domains that

an attempt to automate hex meshing with various et enable both the automation of downstream meshinithe
They include direct methods such as Whisker WeajZhg localization of modified cells after design changes.

and Plastering3], as well as indirect methods such as tet )

combinatior{4]. Decompositiorbased methods partitioning After design change the mesh neadto be updated to
the design geometryio smaller suegions for which a remain an accurate regentation of the model. In the

ComputerAided Design (CAD) environment, updating the


mailto:t.robinson@qub.ac.uk

design is straightforward, either by changing parameters
associated to the model or by adding/removing features in
the construction treeHowever,applying the same design
modification to geometrically identical modelsthat are
constructed with different feature orders may produce
unexpected differencesthat may be inadvertently
propagated to the analysis madel

Direct geometric editingsynchronous technology$ also
available, where the user can natetively manipulate
geometric entities without requiring access to the
constructiontree, allowing modifications of the model
outside of the design environmemiowever the analysis
model is dten constructed in a separate Computieled
Engneering (CAB package, where such manipulations will
break the link to the original CAD model, a@AD-CAE
integration is a major bottleneck toward automdfidh As

a result, the mesh cannot laes easily updated as the
corstruction tree and parameters are lost during the transfer
across packages. The user is often tasked to update the CAD
model before exporting it to the meshing environment where
many preprocessing activities, such elganup operatios,
carriedout to createthe previousanalysismodel mustbe
repeated. Furthermore, most automated tools fommesh
generation[2]i[4] do not offer the ability to efficiently
update the mesh and require the whole decomposition
process to beepeatedOnechallengeas thatdecomposition
tools are often used to partition the design model
geametricallyto create a decomposed representation fit for
hex meshing. These geometric partitiarsiallybreak the
links between the design model and the decomposed
representation, meaning that even if design changes can be
identified there are no relatiships that can be exploited in
order to robustly update the decompositiolhe major
challengego automatially updaing a hexdominant mesh
created from a decompositionia the approactproposed
hereinareto:

1 Identify the geometric and/or topologicalasiges
resulting from a design update.

1 Reflect design amendments on the analysis model
by exploiting the virtual topology relationships
stored when generating the initial decomposition

1 Update the decomposition used for meshing and
ensure it remains valid

1 Minimize thecomputationakxpense by reising
as many existing elements as possible

1 Maintain mesh quality after update

This work proposes to extend Vvirtual topology
decomposition workflow to address this problem, by using
anintegrated cellular modéd reflect parametric and feature
changs on the mesh. This paper first describes the virtual
topology framework used for automatic decomposition and
hexdominant meshing. Then, handling feature and
parametric perturbatiorfer remeshing is presented. Bhis
done by first localizing the modifications, then updating the
analysis topology and finally updating the mesh locally. The
main contribution is the implementation of a cellular mesh
and interface management to enable mesh updates even

when the topolog of the model is significantly altered
Considerations on eshing strategieare presentetb help
update the decomposition atie mesh.

2. RELATED WORK

Mesh update has been a topic of research for many years and
includes several domains such asesh mephing, meh
adaption and reneshing. Mesh morphingd.5] consistsof
mapping an initial mesh tm a new geometry which is
similar to the initial geometry, either to accoumt the
model deformationor to reuse an existing meshn a
similar geometry(e.g. a design updateThe mapping of
nodes requires knowledge tioth the entities mapping
between the geometries and the node to entity associativity
in the original mesh. Ae mesh topologymust remain
constanto ensure a correct mapping

Mesh adaptiorf16] consistsof modifying a mesh against
known quantities. It can be an iterative process to minimize
the simulation error while solvinghe computational
problem iteratively. Parametric modification in an
optimization loop can atsdrive mesh adaption procedures.
The mesh can be locally refined or coarsened, with or
without connectivity (or number of elemenispdifications.
Sheffer and ncPr have proposed a dual representation using
both the boundary and a parametric representdd link
design modificationgnd mesh adaption procedu[&g]. In
particular, the history of virtual operations applied for
simplification is retained and automatically mapped on the
updated design model before meshing. Mesh upglas
done by moving the elements to the newrgety, and then
adjusting themesh quality by usingtechniques such as
whiskersheet operations. Feature displacements have been
investicated recently by Shen et 18], using mesh
deformation and the mesh is refined using density fields
extracted from the initial mesh. However, adaption
approaches are limited to simple parametric perturbgtien
the mesh topology nestb be consistent to be mapped.

Parametric  perturbations can induce topological
modificatiors on amodel. To this extent, & Der Meiden

and Bronsvoort have defined a method to relate the range of
parameters to topological entities, therefore identifying
critical parameters of intereft9]. Sun et al. have proposed

a method using virtual topology to deformsw@facemesh in
thepresence of simple topological perturbati{®g].

Re-meshing is employed whenever mesh generation
methods need to be-epplied either locally or globally to
the model. For example, fully #meshing a model can be
avoided after feature insertion if the feature is meshed with
new elements and connected to the existing mesh. Smit and
Bronsvoort have successfully implemented a cellular
modellingbased appmxh to tetrahedral mmeshing[21].
After capturing the feature differences between two models
ard their interactions, all the valid original nodes are mapped
to the new model, and new elements are created to fill the
gaps. However, in the absenceanly link or equivalence
between elements aggometriccells, all the nodes need to
be classified angbrocessed for reneshing, which can be
slow for very large meshes.
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Figure 1. Virtual topology-based workflow for automatic decomposition and meshing.

In this paper, hexdominant remeshing is addressed using a
cellular representatiorof a virtually decomposed model.
Only the subregions that need to be modified to
accommodate the design changee identified and re
meshedwhile maintaining the anstraints of a structured
mesh. This allows design variations lbe automatically
propagated throughout a virtual topology workflow and
reflected on the final meskigure4).

3. VIRTUAL TOPOLOGY DECOMPQOSITION
AND MESHING

This sectiondescribes a virtual topologyasedworkflow
that integrats various reasoners for automatic
decomposition and meshiiggeeFigurel).

The process takes a CAD model asigput andhas two
main outputs.The frst is a topological description of the
decomposed model called analysis topology, contained in a
Common Data Structure (CDS)he ®condis a mesh in a
CAE environment thats exported to a neutral format file.
The oiginal topology is first extracted from the CAD to the
CDS, and a series of virtual topology split operations are
applied to create the analysis topology. This analysis
topology contains the virtual decomposition and is linked to
the original design topofly through virtual topology
relationships stored in the CDSnce the model has been
virtually decomposed, a mesh can be automatically
generatedby using the meshing recipe reasofsarction 3.4)
and the mesh reasor(section 3.5)Virtual topology allows
more freedom for preparing a model for meshing and
provides much more flexibility since the actual geometry is
not modified.Instead of storing partitioning surfaces, only
the method to construct them is stoebbng with virtual
geometry curvescurveshat are not connected to theRep
design model but exist in the CAD environment, see section
3.3)and passed to the meshing enwirent to generate the
mesh.

3.1 Design topology extraction to CDS

The role of thecommon data structure (CDS) is to convey
information between the different steps and packages
involved intheautomated virtual workflowlt is based on an

external SQL relational database, similar to the one
presented by Tierney et §2], [23]. The relationselevant

to virtual topologydecomposition and meshing are shown in
Figure 1. Other data that does not fit within the CDS is
transferred using neutral format§or example, virtual
geometrycan be transferred using STEP or Parasolid format.
Meshes can be transferred using formatted text files, such as
bulk data files that contain nodal information and element
connectivity The CDS contains the links to connect these
various representations.

The CDS is initialized by querying all the entities contained
in the CAD model through a topology extraction t@eébure

1). Each entity is assigned a unique identifier when added to
the database, which is linked to the name/or tagattribute
from the CAD system Geometic attributes such as
coordinates for ertices or midpoints for edges are also
storedto aidtracking entitiesHigher dimension entities can
also be identified from their bounding entities.

The topological definition of the CAD model is extracted
and stored in a design topology relation, whihduplicated

in an analysis topology relatioBoth topology relations
contain a cellular representation of the model, with each
topologic cell defined recursively from lower dimension
elements forming their boundaries, along with the relative
orientationbetweertheboundedcell andits bounday.

To enable virtual topology manipulatigra virtual topology
relation storethe history of the virtual operatioapplied on

the design topology to create the decomposition in the
analysis topologyThe virtualtopology relation contains the
link between the virtual entities (subset or superset
depending on the virtual split or merge operation) and their
host entities.

3.2 Decomposition reasoners

Regions suitable for hex mesh generation are identified
using a squence of decomposition reasoners within the
proposed virtual topology workflow.A decomposition
reasoner encapsulates an algorithm to identify regions
suitable for a specific meshinmethod (e.g. sweeping,
mappi ng, tineangerierdc t waydmplementation
specific routines are handled outside of the reasoner, which



can be seen as a black box from the point of view of the
process. The input ia design model with its topology
extracted inthe CDS. The output isplitting information
which isused by thevirtual topology toolto partition the
domain and a meshing strategy attribugpecific to the
reasonerThe power of this virtual topology approach is that
multiple decomposition reasoners (sweep, raviteep, 3D

bl ock, 2 D bihtegatkdésg¢amlesalyithinbore
workflow

All the geometric queries of the reasoners are made through
a VT translator tool, which usésformation stored in the
CDS and the combination of the CAD and virtual geometry
to query the analysitopology model and nbthe design
model.Hence, the reasoner can operate on a model that has
been virtually decomposed beforehafithis ensures that

reasoners can be used one after another and in any order, but

alsoallows virtual defeaturingo be carried out before the
deconposition and not just as a final step before meshing.
This ability to operate in the presence of virtual topology is
critical for a robust analysis workflow.

After the reasoners have identified which region to extract
the splitting informdbn is created.This is done by
identifying which entities need to be partitioned, and what
existing entities can be used to do Necessary gometric
information such as points or curvés complete the
definition of a split are also created by the decomposition
reasoers.

3.3 Virtual Topology reasoners

Virtual topology uncoupleshe topological definition of a
model from the geometrical one. This enables virtual
generaibn of a meshedanalysis model without altering the
design modelTwo VT reasoners are used in tipisocess.
The VT translatotransfers geometric informatidrmetween
thereal CAD model and the virtually decomposed model in
the CDS. The VT tool manipulates opbological
representations the CDSto clean or decompose a model,
by applying operators as desbed in [8], [11]. These
operators ensure that the analysis topology remains valid
after topological manipulation, with thelative orientation

of the virtual entitiesand the modificatiom properly
recorded and updated in the CDS.

The VT translator processes the geometrical splitting
information from the decomposition reasoner to create in the
CAD environment all thecurves regired to define
partitioring faces These curves are referred to as virtual
geometry, since they only exist as a layer of geometry
independent from the design model in the CAD
environmentVirtual geometry curves are used as arutnp
by the VT tool to virtially partition the model to create the
analysis topology. This analysis topology is linked to the
design topology by a series of VT relationships resulting
from the application of VT operators, stored in the CDS.

Virtual topology requires definition of stual entities to
formalizethe relationship between virtual entities and their
host entities (if anyj11]:

- Parasite entities: entities that did not exist in the original
topology but lie on an existing entity of higher

dimension (i.e. an edge lying on the face it sgits
face that lies in the interior of &ody).

- Subset entities: subsets of host entities that are split by
a parasite entity of lower dimension.

- Orphan entities: entity without host (e.g. an etigde
interior of a bodybounding only parasite faces).

A virtual splitoperationusesa parasite entjton a host entity
of higher dimension to create subset entities. For example
Figure 2(a), a face f1 which is a bounded @tion of a
geometric surface can be split by adding a parasite &tige
which is a bounded portion of a curdéneparasite edgkes

on thehost shape to divide it into two subset faf&andf3,
but a single surface definitimemains.

A virtual mergeoperationon the other hand grosmultiple
host entities into one by removing lower dimensi@mtities
common to the hostat their interface For example,in
Figure 2(b), a vertexv2 bounding only two edges can be
removed to generate one superset eede A merge
operation is required to update a modified decomposition
since it enablethe recombiration ofadjacent cells locally
without having to undo the whole deuposition operation.

It can also be used to simpliéynd clearthe model definition

to facilitate mesh generation.
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Figure 2. (a) The face flis virtually split by inserting
the parasite edge el, and (b) edges e2 and e3 are
merged into e4 by virtually removing v2. Red
entities are virtual geometry.

Virtual parasites, subsets and orphan edges are
supeimposed on the CAD design moael virtual geometry

All their links with the analysis model only exist in the CDS,
and tkeir purpose is to provide geometric information that
doesnot exist in the original design model. They are created
by a decompositiomeasoner andan be easily transferred
betweenpackags using a neutral format such as STEP.
Once added in the CDS, thegn be usedo aid virtual
topologymanipuations.

3.4 Meshing recipe reasoner

The meshing recipe reasoner is used to translate the different
meshing strategies identified by the decomposition



reasoners into compatible mesh controls for-teminant
meshgeneration. The input is a CDS containing the analysis
topology of the decomposed model alewigh the meshing
strategy identified for each volume cedind geometric
information such as aspect ratiasf regionsand curve
lengths previously extracted fro the CAD. The reasoner
outputs optimized division numbers for every curve and
meshirg methods for faces to the CDS.

Different decompositionreasoners can be appli¢d the
modelwhich will result indifferent meshingtrategies with
different priorities.The specificeasonesused in this work
sought to create an anisotropic hex nmagtrecipewhich

was conformal throughout.

Sweeping strategies are converted into constraints on the
number of elements following the methods applied9in
Source faces of sweepable regions can either be paved or
mapped, while wall faces must be mapped med¥igdre3
shows how the meshing constraints propagate through the
model, and the resulting mesh. Soft or hard goals on division
numbers are applied on each edge of the model. A hard goal
ensures a fixed divisiorumber will be appliede.g. number

of elements through thicknessWhile soft goals are
optimized to meet the constraints. Constraints are checked to
remove overly constraining mapping equalitiddl the
necessary geometric information is contained in GRS,
hence this reasoner is package independent

=

Even sum constraint <= Equality constraint — Fixed division number constraint

Figure 3. Flow of meshing constraints and
associated mesh.

The LPSolve [24] package is used to optimizeach
individual number of elements on curves, by implementing
a revised simplex algorithm. As a result, the mesh is fully
constrained, which ensures order inglegience during the
meshing step, and guarantees a conformal mesh will be
obtained at interfaces.

3.5 Mesh reasoner

Once the meshing recipe has been generated, the mesh can
be generated in a CAE environment using the meshing
reasonerThe input to the mesteasoner is the CAD model

and the CDS containing the meshing recipe. The output is a
conformalmesh.

The virtud partitioning surfaces arexplicitly rebuilt from

the virtual geometry and used to split the geometry of the
model, hence becoming interfaceetween suisegions.
Depending on the package used, the model is transterred
the meshing environmerthefore or after the geometric

decomposition which will create all the analysis topology
entities. Mesh densities contained in the meshing recipe are
apgied on each curve.

All the interfaces are checked and meshed first to ensure a
conformal mesh is obtained. The 3Drfacemeshes of all

the interfaces are stored in a comnreeutral formatfile,

with elements grouped by interface identifiers. This step i
required to enable mesh manipulatiater, but it alsooffers

the possibilityof the 3D mesés being generatedon the
individual cellsin parallel.All the source facesf sweepable
regionsare meshedirst, and hex elements are created by
sweeping.Residual regionswhere there is no knowmex
meshing strategiylentified by the reasonerare tetmeshed

at the endafter a layer of pyramid elements has been
inserted to conform to the quad mesh of the interfdictrse
decomposition reasoners have rtfed hexmeshing
strategies other than sweeping, the relevant meshing
algorithis can be appliely the meshing reasoner.

The mesh is then exported in a neutral format file sueh as
Nastraninput deck This format enables the mesh to be
transferred ira different meshing packages, and to be edited
simply by editing the mesh file.

3.6 Integrated workflow

The choice and sequence of decomposition reasoner to apply
is left to the user, while préefined workflows can be
identified for specific classes of gmetries. This sequence
will define whch meshing methods will be used, sirtbe
same region could be identified by different reaseffiar
different hexmeshingmethods An example ofa virtual
decomposition workflow for automatic meshing is shown in
Figurel. It includesa thinsheetdecompositiomeasonefor
identifying thin regionsvhich can be sweemeshedhrough
their thickness and a lorglenderdecompositiorreasoner

for identifying regions with one large dimension suitable for
sweeping. Models ofthin-walled componentsre suitable

for thin-sheet extraction, where regiomgth one small
dimension compared to the other taffer a simple sweep
meshing strateg [25]. Pairs of large parallel faces are
discretized andmprinted one onto another in order to
calculate their intersection in the parametric space. The
result is then projected back on the boundary representation
to identify appropriate partdning geometry, which will be
used to create the virtual geometry and the virtual split
operatiors for sweep meshing through the thickneBhkis
integrated  virtual topology workflow effectively
demonstrates muiBweeping in thirwalled components,
with explicit interfaces in the decomposed cellular model
facilitating multi-directional sweeping.

Trusslike structurs, or thinrwalled structurswith their thin
sheet removedfeature a lot of longlender regions. A
similar
regions. Long edges with large aspect ratio relative to the
width of the faces they bound are identified and grouped into
loops. These loops are then used to find loops of mappable
faces, which verify the conditions for sweep meshing. Cap
faces are identified as a loop of vatedgesThere may also

be anoffsetappliedif the geometry is pron® the existence

of skewed elements. This virtual geometry is then used to
helpvirtually split the analysis model.

appr oaashsusedto wantéush met hod
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Figure 4. Workflow for updating the decomposition and mesh after design change.

Region attributes such aghether a region ithin-sheet or
long-slender are stored in the mesdtiperelation of the
CDS This relation, along with the cellular model of the
analysis topologyinforms the reasoner tools and enables
automatic identification of the meshing recipeeTieshing
recipe isthen stored in th€DS, describing face and edge
meshing constraints in terms of size or number of elements.

Other decomposition reasoners have atsenbdeveloped to
identify simple sweepable regions or to decompose models
into axisymmetric regions and repeated cyclic sectors,
providing a minimal meshable representa{®n.

4. UPDATING THE DECOMPOSITION

Figure 4 shows how the virtual workflow described in the
previous section can be extended to handle design
modifications to update the decompositiand ultimately
the mesh. This section describedirst how design
modificationsare identified by comparing the new design
with the one stored in the CDShen the constraints
stemming fromthe hexmeshing strategies assigned to
regions guide the update of the virtiggometry and the
analysis topologyThis reasoner takes a CAD model with a
design change and the C2Ssociated with therevious
version of thedesign as an input, and outputs an updated
CDS for the new desigfwith updated virtual geometry)
which can beised to update the mesh.

Modifications of the design can have various effects on the
boundary representation of a model, especially for
decomposed models where the number of boundary entities
is increased.Figure 5 shows a example of a model
decomposed for sweepeshing undergoing various design
modifications Any design change®dn a model can be
classifiedinto the following types

- Topology only modificabns, where the boundary
representation is modified but not the shape. For
example, introducing imprints on a face subdivides the
face but the underlying surface geometry remains the
same

- Geometric only modificatiogy e.g.Figure 5(c) where
only the geometryof the design is modified by
changing the part lengthAll topology remains
unchanged

- Geometry and topology modifications, e.g. where new
features, such as bosses, fillets etc. are adued
removed froma mode] Figure 5 (d), or where a
pamametric perturbation results in an additional
topology change.

In order to update the decomposition, it is necessary to
propagate the aforementioned modifications to the analysis
topology. More specifically, the parasite entities used to
virtually decompos the model must be modified (if
necessary) alongside the virtual geometry in order to enable
the mesh to be updateld. this work, aésign modificatios
canaffect

- Only the analysis model geometryn this case it is
necessary to determine if the virtgglometry needs to
be updateck.g.in Figure5 (c) where the change in part
lengthL requires thenvalid virtual geometry dashed
redlines) to be morphe to the new model boundary.

- Both the analysisopologyand virtual geometrye.g.
feature modifications will triggergeometric and
topological modificationgo propagate to the analysis
model, such as removing the filletkigure5 (d).

If the parametric perturltian has modified the design
topology, then the analysis topology is also modified.
However, it is possible theéopological connectivity of
parasite entities can be modifieithout changing the design
topology For example, the thicknessf the bottom pad is
increased ifrigure5 (e), resulting in parasite entities whose
configuration is now alteredlhe two parasite faces were
disconnectedn the original decompositiotHowever, in the
updated decompositiorkigure 5 (e), they now share a
common edge (in dashed bold). These changes can be subtle
but will have a profound impact on updating the mappings
required to update the meabhtomatically
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Figure 6 showprocedures used in this work to determine
the classificationfor the variousgeometric and topological
configuratiors for decomposition update that can arise upon
design modification(virtual faces shown in dark grey for
visualizatior). This structure has been determined to be the
most suitable for the mesh types beirggdin this paper,
however a different structure or ordering may be better
suited to different modelr the requirements of different
analysts Although only design changes involving
geometrical modifications are used to illustrate the
workflow, topologicalonly modificatiors are handled in the
same waySome configurations are easy to upgdate. for

a purely geometric update where both the boundary topology
and virtualgeometryhave not changed. dwever the top
right configuration is very challenging topdate, as the
bottomhostface on which the boss edges were projected has
become two unconnected faa#ise to the extension of the
pocket This is related to the persistent naming prod2sj,
where parametric modifications trigger topology changes
that modi the underlying geometry.

The workflow in Figure 9 describes the method used to
identify the aforementioned design changes angtiate a
virtually decomposed model aftesuch design change
Topological and geometrical modifitons are identified
from the CAD model After the design modifications have
been identifiecht the design topology levednalysis model
modifications need to be identified. This is done by checking
if the virtual decomposition history can be mapped e t
new design by checking if all the virtual splitting entities
still lie within their hostsMapping constraints inferred from
hexmeshing stratégs arechecked to ensure they are still
valid and can inform the update of projected virtual
geometry. Finallyall the candidatéodies for remeshing
are identified.

4.1 Tracking parametric and feature
modifications

The CDS containsa representatiorof both the analysis
topology and the original dggn topologyindependently
from the CAD environmenand also stores the virtual
topology relationships required to transform one into the
other The original topology in the CDS issed to identify

and classifyboth geometric and topologitmodificatiors
after the CAD model has been updafBuk VT relationships
provide the link to map the changes in design to the analysis

topology.

This section will describe how changesthe modelin the
CAD environment are propagated to the original topology in
the CD5 and then to the analysis topology describing the
decomposition.The key point is that all entitiem the
original topology and analysis topologyelinked to those

in the CAD/CAE environment through two different
attributes

1) Name attributes attactieto entities in the CAD
environment Any unique identifieroffered bythe CAD
system (name, tagplor ...)can be used, providélatis can
be assignedo anentity, queried and will persist between
different modelling sessions.

2) Geometric attributes defining unique geometric
identifiers of entities in the CAD environment, glgcenter
point of the edge as well as the coordinates of its end
vertices.

Both attributes arenecessary, as structurederrogaion of
them allowsthe geometd and topological modifications to
the designto be determined as outlined the following
sections Once modified entities have been identifiedch
entity is mapped to an entity in the analysis topology through
a series of VT relationshipsnd topologtal queries This
enableghe modificatiorsto be identifiedandthe entities of
theanalysis topologyo be classified

This classification is done from lower dimension entities to
higher dimension orge since any modification on ¢h
boundaries of an emyiwill propagate tdhe entity,while an
entity can be modified without having its boundaries
modified. While some CAD packages offer the ability to
attach name attributes to vertices, other packages have not
implemented this capabilitCoordinates useds geometric
attributes are not enough to classify vertices in the absence
of name attribute, as a design change can move a Vertex
the location of a different vertethat is also modified.
However, the matching of the geometric attribute for edges
includes checking the coordinates of both the-puaht and

the bounding vertices. Therefore, the edge classification is
based on the vertex classification, but not only as the mid
point factors as well. In this implementation, edges are
classified first,so that vertex classification can be guided by
the bounded edges classification.

Figure 7. a) Original decomposition, b) the
decomposition is not updated after afillet is added,
c) original entities classification, d) analysis
entities classification, e) open design loops are
closed and new virtual entities are identified, f)
open analysis loops are closed and g) updated
decomposition.









